| INTRODUCTION
Intermittent rivers and ephemeral streams (hereafter IRES) are watercourses that cease flow at some point in time and space. Arguably the world's most widespread type of flowing water (Datry, Bonada, & Boulton, 2017; Larned, Datry, Arscott, & Tockner, 2010) , IRES range from ephemeral streams (Figure 1a, b) that flow briefly after rain or snow melt through to intermittent rivers that recede to isolated pools . Flow regimes of IRES span a broad spectrum, varying widely in duration, timing, predictability, volume and spatial extent of flow cessation and drying events, even within the same watercourse.
Ecologists assume this vast variability in the different components of the flow regimes promotes species richness in IRES by creating a spatial mosaic of habitats during the wetting-drying cycle (Datry, Larned, & Tockner, 2014) . Studies reviewed in Leigh et al. (2016) show that increased flow duration and surface water persistence in IRES correlate with higher biodiversity of aquatic invertebrates and fish. However, the dry phase also promotes local and regional biodiversity, providing habitat and food for semi-aquatic and terrestrial biota (Steward, von Schiller, Tockner, Marshall, & Bunn, 2012) .
Far less is known about how flow intermittence governs the provision of ecosystem services such as nutrient cycling, flood mitigation and water purification. Instead, research on ecosystem services provided by flowing waters has focused on perennial rivers, reflecting the priority placed by society on reliable provision of water (Hill, Kolka, McCormick, & Starry, 2014) . IRES are typically undervalued by society, even by people living near IRES (Armstrong, Stedman, Bishop, & Sullivan, 2012) who overlook the more subtle ecosystem services they provide, such as regulation and maintenance services (see later).
Ecological functions and service transfers from IRES that translate biophysical structure and ecological processes into benefits that people value (Haines-Young & Potschin, 2010) are extremely poorly understood. This confounds attempts to identify how human impacts on IRES might affect delivery of different ecosystem services at local and regional scales.
Humans alter the flow regimes of IRES by altering runoff patterns in catchments through various land uses and by direct impacts on instream flows from dams and extraction of surface and ground water (Acuña et al., 2014; Palmer et al. 2008) . The speed of these changes is unprecedented in this current Anthropocene period (Schimel, Asner, & Moorcroft, 2013) , swiftly accelerating spatial and temporal intermittence in many parts of the world, especially where climates are becoming drier. Where human densities are high, flow regimes have been so altered that "novel" ecosystems (sensu Hobbs et al., 2014) have resulted, with artificially intermittent (or perennial) flows and, often, novel biota. How this affects the provision of ecosystem services at local and regional scales is completely unknown.
We begin this Commentary with the premise that the global and changing prevalence of IRES is a prime reason why their ecosystem services deserve closer attention and why IRES should be explicitly considered in water management strategies. We review how flow intermittence influences biodiversity and ecological functions in IRES, extending these findings to conceptualize how different hydrological phases might govern provision and transfers of various ecosystem services at local and regional scales. We use our conceptual model to explore the implications of "Anthropocenic intermittence" for ecosystem service provision and transfers by natural and novel IRES, concluding with several questions deserving further investigation.
| GLOBALLY WIDESPREAD AND INCREASING
We contend that IRES are Earth's most widespread type of flowing waters. They dominate arid, semi-arid, Mediterranean and drysubhumid regions, which together cover almost half the global land surface. Examples include the semi-arid southwestern US states of Arizona and New Mexico where IRES comprise up to 94% of the total river length (Levick et al., 2008) . Analysis of flow records from 2,750 gauging stations across Australia, France, Spain and the conterminous US revealed intermittence at 20% of the stations, with averages of more than five zero-flow days per year ranging from 8% of the stations in France to 65% in Australia (De Vries et al., 2015) . Because gauging stations are preferentially installed on perennial rivers, these proportions likely underestimate the true extent of IRES; regional modelling indicates 30%-40% of the river network in France is intermittent (Snelder et al., 2013) . Even in temperate and humid areas, IRES are abundant, especially in headwaters that make up over 70% of the channel length of most river networks .
The present-day Anthropocene is a geological period defined by humanity's massive impact on the planet, with rates of climate change equal to or exceeding the highest rates seen in the recent paleorecord (Loarie et al., 2009 ). In the Anthropocene, the global extent of IRES is increasing annually. Although some regions are becoming wetter, far more of the land surface is drying (Döll & Schmied, 2012) . Reductions and seasonal shifts in precipitation and runoff have increased the duration of zero flows in many IRES while once-perennial rivers are now intermittent. For example, in southwestern Australia, streamflows over the last few decades have declined by more than 50% following a 16% drop in rainfall (Silberstein et al., 2012) , causing perennial streams to become intermittent while formerly intermittent streams now seldom flow.
The increase in the frequency and duration of intermittence caused by climatic drying is exacerbated by human activities, such as water abstraction or diversion (Figure 2 ), many of which have intensified with growing water shortages (e.g. Acuña et al., 2014; Brooks, 2009 (Arthington, Bernardo, & Ilhéu, 2014) . hybrid systems of naturally and artificially intermittent reaches, will influence biodiversity, ecological functioning and ecosystem services in river networks.
| FLOW INTERMITTENCE, BIODIVERSITY AND ECOSYSTEM SERVICES
The negative association between flow intermittence and aquatic biodiversity is well known. As annual flow intermittence (proportion of the year without water) increases, there are typically declines in taxonomic richness of aquatic invertebrates, fish and riparian vegetation . When IRES cease flow, aquatic biodiversity declines, often following a "stepped" trajectory as microhabitats become hydrologically disconnected or dry (Boulton, 2003) . When flow resumes, aquatic biodiversity increases again, with the assemblage composition reflecting different degrees of resistance and resilience by the biota to drying (Bogan, Boersma, & Lytle, 2015) .
However, the complex relationships between aquatic diversity and the interacting components of intermittence such as duration, frequency, timing and antecedent history are still being unravelled (Leigh & Datry, 2017) .
When dry, the channels of IRES support diverse assemblages of semi-aquatic and terrestrial fauna, especially invertebrates such as ants and spiders (Steward et al., 2012) whose biodiversity is likely associated with habitat complexity and the duration of the dry phase. Sometimes, intermittence has a "Goldilocks effect" providing just the right conditions for peak biodiversity; in some American Southwest IRES, riparian vegetation species richness increases as flow changes from perennial to intermittent before declining to a minimum as flow becomes ephemeral (Katz, Denslow, & Stromberg, 2012) . , portrayed from a socio-ecological perspective and illustrating an example from intermittent rivers and ephemeral streams (IRES). The sequence of panels from left to right represents how the biophysical structure and ecological processes in a given ecosystem (together with its biodiversity) govern ecosystem functions whose services are transferred to provide benefits that are defined and valued socio-economically. As virtually all aspects of the biophysical structure and ecological processes of IRES are governed by flow intermittence, these effects are inferred to translate into altered ecosystem services and benefits in natural IRES. Datry et al., 2014; Larned et al., 2010; Leigh et al., 2016) and calls to consider the values of IRES (Boulton, 2014; Steward et al., 2012) , no conceptual models exist to predict how intermittence governs ecosystem service provisioning during different hydrological phases in IRES.
| A CONCEPTUAL MODEL OF ECOSYSTEM SERVICES PROVIDED BY IRES
Our conceptual model focuses on ecosystem services provided dur- (2005) is considered as part of the underlying structures, processes and functions that characterize ecosystems to avoid "double-counting" ecosystem services .
During a typical wetting-drying cycle, IRES pass from a flowing phase (top picture, Figure 4 ) to a non-flowing pool phase (lower right) and then, often, a dry phase (lower left) when surface water disappears. Transitional periods of varying length, timing and predictability occur between these phases. However, to provide a starting place, our model only explores potential service provision during these three main phases. CICES identifies 16 provisioning services (outputs, (Table 1) . However, much remains to be learned about how intermittence affects provision of most of these services in IRES and the assessments in Table 1 should be treated as hypotheses (see next section). CICES distinguishes 11 cultural services (Table 1) .
Strikingly, most of these services are provided during all three phases (Figure 4 ) attesting to the many facets of cultural importance of IRES even when dry (Steward et al., 2012) .
We extend the conceptual model from the temporal sequence of flowing, non-flowing and dry phases (Figure 4 ) to include the spatial components of "service-providing areas" (SPAs), "service-benefiting areas" (SBAs) and "service-connecting areas" (SCAs) (sensu Syrbe & Walz, 2012) . This spatial perspective is crucial because these three components are unevenly distributed at the river-basin scale. T A B L E 1 Ecosystem services potentially provided by the channels, shallow alluvia and riparian zones of IRES during three hydrological phases (defined as "flowing", "pool" and "dry") indicated as provided (), lost () or altered compared to the flowing phase (~). The flowing phase is used for reference because the services provided during this phase match those of perennial rivers. Classification of ecosystem services follows CICES (version 4.3). This table was used to generate the histograms in Figure 4 Gaseous/air flows Storm protection n/a n/a n/a 
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| CONCEPTUAL CONUNDRUMS AND DESIGNER DILEMMAS
Cogent arguments have been made why we should care about IRES (Acuña et al., 2014) . Their global ubiquity makes them an essential part of all landscape-level water resource management. Restoration and conservation of IRES have lagged behind those of perennial rivers, probably because IRES are typically undervalued by society (Armstrong et al., 2012) and their ecosystem services are little recognized (Boulton, 2014) . Furthermore, the management of IRES is currently guided by conceptual models and insights gleaned from perennial rivers, and we have yet to ascertain whether these are equally applicable to IRES (Table 2) .
We propose our conceptual model as a starting place to provoke hypotheses about the multiple ecosystem services provided by IRES, and how these services might vary at different stages of the wetting-drying cycle and in response to different durations and sequences of each phase. We hypothesize that the spatial arrangement of intermittent and perennial reaches in a river network influence the distribution of SPAs, their ecosystem functions and derivative ecosystem services, especially as varying combinations of hydrological connectivity in SCAs are likely to differentially transport services and benefits to different SBAs. However, the conundrums and associated hypotheses our model pose (Table 2) require testing with empirical data, especially for suites of ecosystem functions and services rather than individual ones (cf. Arce et al., 2014) . This includes assessing trade-offs among different ecosystem services when enhanced provision of one service causes declines in one or more different services (Rodríguez et al., 2006) . Failure to fully consider trade-offs often leads to exploitation of one service (usually a provisioning service) to the detriment of several others, typically regulating and cultural ones. These problems are probably especially severe in IRES when temporal and spatial patterns of intermittence are altered (Table 2) .
| CONCLUSIONS
Drying climates and intensifying human demand for fresh water across much of the planet is accelerating artificial flow intermittence. Alterations to flow regimes, water quality and biota are sometimes so severe that restoration back to near-natural conditions is infeasible and may require "designer approaches" (Acreman et al., 2014) to maximize natural capital while supporting economic growth, recreation or cultural needs. Where flow regime alteration is sufficiently severe to generate novel IRES, there may be impairment or even loss of SPAs and SCAs, inducing alteration of ecosystem services as hypothesized in our conceptual model. Our model has applied value in its perspective on strategies for "reconciliation ecology" advocated by Moyle (2014) for restoring severely altered IRES by encouraging biodiversity and, by extension, ecosystem services in human-dominated ecosystems. However, there remain several dilemmas ( SPAs, service-providing areas; SBAs, service-benefiting areas; SCAs, service-connecting areas. 
